The clinical use of mechanical heart-lung apparatus has been largely restricted to cardiac surgery where it must substitute completely for the heart and lungs for a relatively brief time. There are, however, certain nonsurgical situations in which circulatory and respiratory assistance to critically ill patients, in the form of partial heart-lung by-pass, would appear beneficial. As simple and reliable apparatus suitable for partial circulatory and respiratory assistance for relatively long periods of time becomes available, the possibility of application to the treatment of reversible medical emergencies becomes more feasible.
discs from 49 to 32, but still permitted full oxygenation at flow rates of 1,000 cc. or more per minute. The discs were rotated by a small (1/20 HP) motor operating through a gear reduction mechanism such that the discs could be driven at 60 or 100 rpm as desired. A gas mixture of 98 per cent 02, 2 per cent C02 was passed into the oxygenator chamber at a flow rate of five to six liters per minute. The blood level in the oxygenator was monitored by a simple vertical tube level indicator gauge. This permitted discrimination of a 10 cc. volume shift in the tank. An occlusive roller pump was employed to pump the blood from the oxygernator back to the arterial system of the animal. A "zero-max" speed changer was used to control the pump rpm. Pump output was calculated from calibrated stroke volume and rpm. The components were mounted in a controlled temperature cabinet maintained at 37' C. The front portion was open but covered by a curtain of thin transparent plastic material which permitted continuous observation and ready access. The apparatus was primed with about 1,400 cc. of heparinized dog blood. Heparin, 3 mg./kg., was given to the animal. Two catheters were inserted into the inferior vena cava via the femoral veins to withdraw blood from the animal by gravity feed directly to the oxygenator tank positioned about 35 cm. below the cardiac level. Oxygenated blood was pumped from the tank, through a fine wire mesh filter-bubble trap, and returned via two femoral artery catheters to the arterial circulation.
Methods of measurement: The animals were anesthetized with pentobarbital Na, 25 mg./kg. Under fluoroscopic guidance No. 8 cardiac catheters were passed into the right atrium, the pulmonary artery, and the root of the aorta. These catheters were utilized for pressure measurements and the injection and sampling of dye indicators. 50 per cent or more of the total aortic flow (cardiac output plus by-pass flow) was contributed by the by-pass. The pulmonary pressure then fell considerably as the right ventricular output was further reduced. No significant changes were noted in the right atrial pressures. On partial by-pass the cardiac output was reduced as expected. However, the total aortic flow was as great or greater than the control values ( Fig. 1) when the by-pass flow exceeded 38 per cent of the total aortic flow. These changes were associated with a moderate reduction in central blood volume which correlated well with the reduction of cardiac output.
Right and left ventricular minute work were greatly reduced during by-pass, while total aortic flow and pressure were well maintained (Fig.  1) . The reduction in work was primarily the result of reduced cardiac output. Thus in dogs #941 and #943 right and left ventricular minute work were reduced to half or less while the aortic pressure and flow were near or above control levels. Although left ventricular minute work was reduced during by-pass it was associated with a relatively greater left atrial pressure (Fig. 2) and central blood volume.
During partial by-pass, if extracorporeal flow was maintained constant, cardiac output could be progressively increased by administering successive increments of blood to the animal (Fig. 3) . However, after increasing the intracorporeal blood volume by 600 cc., if this volume was then reduced by 200 cc. ("H" of Fig. 3 ) a marked reduction of cardiac output resulted in spite of the fact that a net intracorporeal positive balance of 400 cc. obtained. After concluding the perfusion and restoring the blood balance of the animal to its original level the cardiac output was only 30 per cent of the initial value. Restoration to the low normal range (94 cc/kg/min) required a transfusion of 200 cc. of blood ("J" of Fig. 3) .
Progressive expansion of the intracorporeal blood volume during bypass was associated not only with a progressive increase of cardiac output, but also of central blood volume (Fig. 4) and left atrial-pulmonary pressures. Although a similar relationship was observed with the animal off by-pass, the central blood volume and pulmonary-left atrial pressures were considerably higher for a given cardiac output during by-pass (Fig.  5) .
EFFECTS OF PARTIAL BY-PASS ON ACUTE MITRL OBSTRUCTION
Acute reduction of the diameter of the left atrio-ventricular canal by sufficient tightening of the supravalvular snare caused a large elevation of pressures in the left atrium and pulmonary circuit, generally associated with a reduction of cardiac output and aortic pressure. As illustrated in Figure 6A, Figure 6A .
value. Left ventricular work was further reduced. As soon as the bypass was discontinued these changes were reversed. In the run illustrated in Figure 6B , about 60 per cent of the aortic flow was derived from the by-pass circuit. However, the total aortic flow was considerably increased because the cardiac output was not proportionately reduced. Consequently, the reduction of left atrial and pulmonary pressure was less complete. Nevertheless right ventricular minute work was considerably reduced.
Restriction of the mitral orifice in these preparations caused a significant increase of central blood volume. This increase showed a positive correlation with the pressure level developed in the left atrial chamber (Fig. 7) . Partial by-pass resulted in a reduction of central blood volume to, or near control values as illustrated in Figures 6A and 6B , associated with the concomitant reduction of left atrial pressure. triphosphate, are released from damaged erythrocytes and leukocytes during extracorporeal circulation must be considered. However, destruction of formed blood elements in these experiments was probably minimal because plasma hemoglobin levels did not exceed 57 mg. per cent and hematocrit changes were small (seeTable I). During constant cardiopulmonary by-pass transfusion of successive increments of blood caused a progressive augmentation of cardiac output (Fig. 3) . This is consonant with the observations of Galletti, et al.' who found cardiac output to be a function of intracorporeal (body) blood volume. However, if a portion of the transfused blood is slowly removed, a marked reduction of cardiac output to a fraction of control level occurs, even though a large intracorporeal net volume excess persists. After stopping the by-pass a volume replacement of 15 to 20 per cent is required to return the cardiac output to control levels. These observations suggest that the venous reservoir capacity is considerably increased as a consequence of by-pass. The central blood reservoir may contribute significantly to this change, as indicated in Figure 5 , in which the central blood volume is 50 to 100 cc. greater for a given cardiac output during bypass than during the control period, although cardiac output is directly related to central blood volume (Fig. 4) .
As has been pointed out by Salisbury,8 the value of partial cardiopulmonary by-pass in the treatment of left ventricular failure is problematical, because a reduction of calculated left ventricular work is by no means tantamount to a reduction of the metabolic requirements of the left ventricle. Indeed, he was frequently unable to demonstrate a reduction of myocardial oxygen consumption when most of the aortic flow was derived from the extracorporeal system and the calculated work of the heart was markedly reduced. Hence, the applicability of a partial by-pass system in treatment of acute coronary insufficiency, with the objective of reducing myocardial oxygen requirements, is questionable. In circumstances where extensive myocardial damage results in circulatory failure, however, it is apparent that partial by-pass has certain theoretical advantages. These would include maintenance of adequate arterial pressure and oxygenation with the advantage of improved coronary flow and oxygen delivery to the unobstructed coronary tree with consequent limitation of the extent of myocardial damage; and, of course, improved perfusion and oxygen delivery to the remainder of the systemic vascular bed. Another major advantage would be the reduction of pressures and central blood volume within the pulmonary-left atrial vascular segment. This would prevent or reverse associated pulmonary congestion and edema and right ventricular failure if present. Indeed, a recent report9 of the use of partial cardiopulmonary by-pass (without oxygenation) in cardiogenic shock presents strong clinical evidence for the usefulness of even short term therapy with this technique. In this case both the extant shock and pulmonary edema were reversed following seventy minutes of veno-arterial by-pass and did not recur with cessation of the by-pass.
This study also suggests that the technique of partial cardiopulmonary by-pass may have application in certain forms of acute cor pulmonale and acute respiratory insufficiency. During sustained vascular obstruction of the pulmonary-left atrial vascular segment, large reductions of right ventricular work, as well as pressures and blood volume within the pulmonary circulation were observed with partial by-pass. This demonstrated the theoretical value of this technique in the treatment of right ventricular failure due to high resistance at any level within the pulmonary vascular bed.
Helmsworth, et al.'0 have used partial cardiopulmonary by-pass clinically for the purpose of extracorporeal oxygenation in a patient with far advanced pulmonary emphysema and severe respiratory insufficiency. Marked clinical improvement occurred during the by-pass procedure. However, as soon as the extracorporeal oxygenation was terminated the patient rapidly returned to his initial condition. Of course, no permanent improvement was, or could be expected in such an irreversible situation. Cases of severe respiratory insufficiency which could reasonably be expected to be at least partially reversible within a relatively few hours, as for instance with status asthmaticus or pulmonary edema, would appear to be more applicable to this form of therapy.
SUMMARY
Observations were made on hemodynamic responses to partial mechanical heart-lung by-pass in normal intact anesthetized dogs, and in those in which pressure in the pulmonary circulation could be acutely raised by partial obstruction of the mitral orifice with a circumferential snare. From 10 to 65 per cent of the systemic venous return was diverted to a modified rotating disc oxygenator system, and returned to the aorta via the femoral arteries utilizing an occlusive roller pump. Pressure measurements were made from the aorta, pulmonary artery and both atrial chambers by cardiac catheterization or direct needle puncture, and recorded with a Sanborn oscillograph. Calculations of cardiac output and central blood volume were made using an indicator dilution technique. Rapid injections of indocyanine (Fox green) dye were made into the pulmonary artery and time-concentrations were measured from the root of the aorta with Colson densitometers. Calculations of by-pass flow were made from calibrated stroke volume and frequency of the pump. In the control animals partial by-pass caused a reduction of cardiac output which was approximately proportional to the by-pass flow, such that total aortic flow and aortic blood pressure were well maintained. Central blood volume showed a positive correlation with cardiac output, but was considerably increased for a comparable cardiac output during by-pass. Curves relating calculated left venetricular minute work and left atrial pressure showed a reduction of work for a given filling pressure during by-pass. Acute obstruction of the mitral orifice caused a large increase of central blood volume as well as pulmonary-left atrial pressures. Both of these parameters as well as right ventricular minute work were reduced by partial by-pass.
